Engineers Without Borders (EWB) at Rowan University is a student-led organization that combines skills learned in the university classroom with real world experience, channeling the passion and knowledge of students to partner with communities in developing nations to solve engineering problems. In doing so, students learn civic responsibility, heighten their social awareness, and become actively contributing citizens of communities in both the United States and around the world. Students also learn skills that apply to the workplace, including project and team management, planning and organization, communication, fundraising and budgets, engineering "on the ground," and knowledge transfer. The Rowan EWB chapter partnered with the residents of La Ceiba, El Salvador to construct household biosand filters to achieve the ultimate goal of providing potable drinking water for the community. The purpose of this paper is threefold: (1) describe the Rowan Engineering Clinic course sequence, used to prepare and award credit to students working on EWB projects; (2) describe the La Ceiba project, focusing on the process used to identify and implement the ultimate solution; and (3) provide information on the household biosand filters that could be useful to other service organizations. As of January 2013, 54 filters have been installed. The filter recipients are satisfied and able to maintain their filters, with a notable self-reported decrease in water-related illness. Some filters cracked, and even leaked, but the local concrete vendor worked with residents to make repairs. Iterations in the filter box design have reduced the cracking problem. Community residents are maintaining their own filters. 41 provide engineering expertise to address community-identified infrastructure needs. The focus is on sustainable solutions for communities in need.
INTRODUCTION
The Rowan University student chapter of Engineers Without Borders was established in 2003 and has worked on projects in The Gambia, Senegal, South Dakota, El Salvador, Thailand, and Honduras. It operates under the guidance and regulation of the national organization. Engineers Without Borders USA (EWB-USA) was started in 2002. 1 It was the brainchild of Angel Tzec, a landscaper and representative of the Belize Ministry of Agriculture, and Bernard Amadei, a Professor of Civil Engineering at the University of Colorado at Boulder. EWB-USA has grown from eight engineering students and one professor to an organization of student and professional chapters, with over 12,000 student, faculty and professional members. EWB-USA chapters
ROWAN ENGINEERING CLINIC
The Engineering Clinic program at Rowan University is an 8-semester sequence of hands-on courses that culminates with multidisciplinary teams of juniors and seniors working on realworld projects. 2 The Freshman Clinic series is focused on engineering measurements and reverse engineering. The Sophomore Clinic series is focused on engineering design and communication, with one semester focused on technical writing and one on public speaking. By the time they are juniors, engineering students at Rowan University are prepared to complete certain real-world engineering projects under the supervision of a professor. Most Junior and Senior Clinics have an external sponsor and funding. This was true of the EWB "Clean Water for La Ceiba" project, with students working with community residents, submitting reports to EWB-USA, and applying to numerous sources to obtain funding.
The EWB engineering clinic is taught and advised by Rowan University EWB chapter faculty. A number of deliverables are used to structure the course. Each new student to the EWB clinic team familiarizes themselves with background material required to understand the project. For EWB clinics, this is the previous teams' reports. The new student submits a "new student" memo to demonstrate their familiarity with the project. The team submits a schedule of tasks they will complete to meet each semester's goal and objectives. When experiments are conducted as part of the EWB clinic, the team submits laboratory reports following formats learned in freshman and sophomore clinic. The Clinic team submits funding proposals to various organizations.
All EWB-USA reports are also submitted as course deliverables. Reports are graded on spelling & grammar, format, and content. Typically, draft EWB-USA reports are submitted at least a week before they are due at EWB-USA. This gives faculty reviewers enough time to provide comments so the students can improve the report as needed before submitting it to EWB-USA. A number of the chapter's reports have been used by EWB-USA as examples of superior work. When EWB clinic team members travel, they submit a reflections memo to describe their take-away from the trip.
Each semester, the EWB clinic team gives midterm & final presentations, following formats learned in Freshman and Sophomore clinic. Team members often given additional presentations to groups interesting in supporting the projects, e.g., Rotary, Engineering societies, etc. Each student submits an accomplishments memo at the end of the semester. They use the memo to justify a particular course letter grade. Each student also submits a peer evaluation of each team member.
The EWB Clinic students meet at least twice a week, three hours each time, during the academic year. Students work additional hours as needed. The EWB chapter meets twice a month during the academic year, and completes workshops and service projects to build skill sets with the membership. Travel teams are made up of chapter members in and out of the EWB clinic. Students only receive college credit for their EWB activities if they become a part of an EWB Junior/Senior Engineering Clinic. The result of the combined action of the EWB clinic team(s) and the EWB chapter have been excellent. The EWB chapter has made good progress on its EWB projects.
PROJECT DEVELOPMENT
The typical EWB project requires assessment and design phases before implementation. This was the case for the La Ceiba project.
Assessment Phase
A Peace Corps volunteer submitted an application with the residents of La Ceiba to EWB-USA based on concerns that the community's water sources were causing illness and death, especially among the children in the community. La Ceiba is home to approximately 800 people, with roughly 150 households, three churches, four family stores, a soccer field and a four-classroom school. It is located approximately 10 kilometers from the El Salvador -Guatemala border and 14 kilometers from the Pacific Ocean ( Figure 1 ). The majority of the population relies on remittances sent back from family members in the United States for income, as the average salary for workers in the area ranges from $5 to $7 a day. The main occupation of the area is farming, with major crops being sugar cane, coffee, and corn.
In early 2007 the Rowan EWB student chapter adopted the project and went on its first assessment trip. A survey of the community revealed that there were high occurrences of diarrhea, bloated stomachs, infections, and infant mortality. Children comprise approximately 48% of the population in La Ceiba, and as many as 34 children died between 2002 and 2007 as a result of lack of clean water. Children in La Ceiba were dying at a rate much higher than the average infant mortality rate in El Salvador, 21.52 deaths per 1000 live births. 3 
FIGURE 1 LA CEIBA, EL SALVADOR 4
There are two sources of water in La Ceiba. Most homes have shallow, hand-dug wells in their yards or houses that provide water for all household functions: cooking, bathing, drinking, and washing. Wells are unlined except for the top few feet (1 -2 m). A typical well is shown in Figure 2 . These wells are contaminated by animal and human waste disposed of improperly or in nearby latrines. Contamination occurs via groundwater or surface water runoff during the wet season. There is also a small river that runs through the town, which provides water for drinking and cooking for families without wells. It is also a location for dumping trash, taking baths, washing dishes and clothing, and watering cattle. Samples of river and well water collected by the assessment team tested positive for fecal coliform.
FIGURE 2 A STUDENT MEASURES THE DEPTH OF A TYPICAL LA CEIBA WELL
The Peace Corp volunteer finished her assignment shortly after the first assessment trip. While Peace Corp volunteers are an excellent resource for identifying communities in need, they often end their appointment shortly after attracting a EWB chapter to their community. This can leave the EWB chapter without a local contact or organization to provide logistical support. Projects with communities and committed NGOs are often much easier to complete. The La Ceiba project depended entirely on the resources of community members.
Fortunately, a local health worker was willing to serve as the chapter's contact in the community. Dominga is a non-government employee with Agape. She has lived in La Ceiba for years and does health promotion and basic clinic work. She coordinated housing and meals for the EWB travel team, and was a point of contact throughout the year when the team was not incountry.
After the first assessment trip in May 2007, many water supply alternatives were investigated and evaluated based on the quality and quantity of the water provided, the cost of the solution, how many people would be required to maintain the solution, and how satisfied the community would be with the solution. Household-scale biosand filtration and a community distribution system were selected as the best options. In completing an Alternatives Analysis, which was required by EWB-USA, students had to synthesize the pros and cons of all possible design options. Table 1 is used to provide a summary of the team's Alternatives Analysis Report. 5 A second assessment trip was conducted in May of 2008 to present the two possible solutions to the community, educate the community about safe drinking water, and collect data needed to finish designing the solution selected by the community. When presented with the two possible solutions, the townspeople understandably selected the distribution system with 15 community spigots. Surveys showed that each household was willing to pay around $2.00 per month for water. After the second assessment trip, the EWB chapter decided to collaborate with the Drexel University chapter, which was working on a water distribution system in the nearby town of Miramar. Since the two towns were in need of potable water, it was thought that it would be more efficient to partner and focus on one water source for both towns.
A hydrogeologic survey was commissioned to determine the best location for a well and the type of well that would be required to provide the towns with a sufficient supply of potable water. The survey reported that the well would have to be 17.375 inches in diameter and 460 feet deep. It was determined that drilling a well of this size was not economically feasible for the Rowan University EB chapter and that the people of La Ceiba would find it difficult to pay the operating expenses of the well's pump. A quote from a local well driller put the estimated cost for drilling the well at $30,000. A quote from a local pump supplier put the estimated cost for purchasing and installing the pump at $20,000. This did not include the cost of storage tanks, pipe, or spigots, which would cost an additional $20,000. The estimated costs of operating the distribution system--electricity for operating the pump, disinfectant supplies, and labor--were approximately $9.00 per household per month. This cost would be reduced by the government subsidy of electricity, but the amount of the subsidy changes over time.
Surveys were sent to each household to explain the findings and get the community's input on how to move forward with the project. When asked about the operation and maintenance costs for the system, almost every household responded that they could not afford to pay $9.00 a month for water. Almost every household also reported that they would use a biosand filter if the chapter helped to provide it.
The EWB chapter continued looking into alternative sources of water for the community. The alternative sources included infiltration galleries, rainwater catchment, and surface water treatment. Research was also conducted to determine what would be required to build biosand filters with the community.
In the months leading up to traveling a third time, the clinic team and student chapter worked diligently to research water purification and filter designs, write grants and host fundraisers, and develop a plan for the future of this project, all of this in addition to schoolwork and other commitments.
The chapter went on a third assessment trip to further investigate these possible solutions. During the trip team members met with the community, discussed the project, collected surveys from each household, signed an MOU with a recently created La Ceiba water committee, and discussed payment options. Team members researched the prices and availability of materials that would be needed to build biosand filters in La Ceiba. They identified a local concrete vendor who was able and willing to form the concrete boxes for the Biosand filters. Water quality tests were conducted on river and well water, and water treated by a small number of biosand filters already operating in La Ceiba, supplied by a former NGO in the community.
Due to the rocky terrain in La Ceiba, the travel team decided that building an infiltration gallery would be very difficult and expensive. The community was not enthusiastic about rainwater catchment because they felt that biosand filters would be a better solution. A surface water intake and a slow sand filter may have been feasible, but such a system was likely to be expensive and would take a long time to implement. All of the materials required to build biosand filters were locally available and the community was enthusiastic about building filters. Ultimately, the community met with the EWB team and decided to pursue the biosand filter option.
Design Phase
The La Ceiba biosand filter is based upon a design of the Centre for Affordable Water and Sanitation Technology. 6 The filter is contained in a concrete box, about 3 feet (0.9 m) tall with walls of 1 inch (2.54 cm) thickness ( Figure 3 ). Starting at the bottom, there is a layer of gravel that has been washed thoroughly, followed by a layer of coarse sand, and topped off with a layer of fine sand. There is a small ledge built into the box above the layer of fine sand on which a diffuser plate sits. This is a flat piece of metal or plastic with holes, acting as a strainer. When water is poured into the filter reservoir, the diffuser plate ensures that large contaminants do not pass and, more importantly, ensures that water flows through the filter uniformly, so as not to disturb the sand layer underneath and make it uneven. A PVC tubing system (not shown in Figure 3 ) within the concrete box runs from the base of the filter to the outlet. When water fills the biosand filter the pressure head drives water through the sand, into the PVC pipe, up to the outlet, and into a collection bucket for later use. A lid is kept on top of the filter, when water is not being poured in, to prevent contaminants from entering.
FIGURE 3 ROWAN UNIVERSITY BIOSAND FILTER DESIGN
A survey of La Ceibe residents determined that the average household used an average of 6.5 gallons of water each day for drinking and 8.5 gallons of water each day for cooking. The CAWST Version 10 biosand filter can be dosed with 12 liters, or 3.2 gallons, of water up to 4 times each day. 7 Over the course of a day, a biosand filter of this size can treat up to 48 liters, or 12.7 gallons, of water. This is twice as much as the average household in La Ceiba drank each day, but a few gallons less than the total volume that the average household used for drinking and cooking combined. Subsequently, the La Ceiba filters are slightly larger than the CAWST Version 10 biosand filter, so they can to treat up to 57 liters (15 gallons) of water per day. 8 International Journal for Service Learning in Engineering Vol. 9, No. 1, pp. 40-63, Spring 2014 ISSN 1555-9033
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The filter eliminates contamination in four ways:  Adsorption, in which microbes or other suspended solids bind to the surface of sand particles and are removed from the water;  Mechanical trapping, which occurs when microbes or other suspended solids get caught between the particles of sand and are removed from the water.  Natural death of microbes within the confines of the filter; and  Predation, or when microbes are consumed by other microbes.
A biological layer forms at the sand-water interface within 30 days of use if water is regularly poured into the filter. With the formation of the biological layer, the filter gains the ability to eliminate up to 99% of microbes. When the flow rate of the filter becomes too slow due to the buildup of contamination, the filter is cleaned by swirling the top layer of sand to break up the contamination and removing the dirty water. Upon cleaning, the biological layer can take up 30 days to reform.
Two prototypes were tested at Rowan University. First, the team looked into the possibility of converting a large plastic trash can into a filtration system, but the plastic could not withstand the weight of the sand. A second prototype was made based upon CAWST design, and was maintained in the laboratory for over a year. Using water from a nearby pond, which is actually too turbid to be filtered in a biosand filter according to CAWST standards, the filter still removed up to 99%, sometimes 100% of fecal coliform and E. coli contamination. Design drawings for the second prototype were sent to the local concrete vender, who used them to make a mold. From 2010 to 2012, the vendor, EWB travel teams, and La Ceiba residents made 36 biosand filters based on the second prototype. Additional prototypes were constructed and evaluated incountry in 2012 to address cracking problems. Eighteen improved biosand filters were constructed in La Ceiba in January 2013 (Figure 4 ). Cracking issues are addressed later in this paper.
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FIGURE 4 LATEST BIOSAND FILTER DESIGN
PROJECT IMPLEMENTATION
The cost to Rowan EWB for each filter is approximately $75. As stated in the Memorandum of Understanding with the La Ceiba, the community commits to paying $8 per filter and contribute to the labor needed to construct and install the components. The aim is to increase community involvement on each trip so that the community gains the skills and knowledge to implement filters on their own in the future. An "Adopt of Filter" program was successfully used to obtain donations. The filter shown in Figure 4 was adopted by the Gloucester County Habitat for Humanity Board of Directors.
A water committee, comprised of local leaders and concerned citizens from the community, was formed specifically for this project. The water committee was very responsive and active during the trip planning process. They met regularly and selected filter recipients and community members to participate in the construction and education process promptly when asked to do so. The water committee was successful in holding community-wide meetings. The water committee assisted the project team in arranging the purchase of tools and materials and checking up on the status of orders.
Biosand Filter construction
The biosand filter box construction process is described in a 525 Pre-Implementation Report. 9 The report can be obtained from the first author. The material preparation process is described in the Appendix. Once the materials are prepared, the filter and materials are assembled in the recipient family's home. Figure 5 shows team members hand delivering a filter box to a family in La Ceiba. A filter needs: 1 gallon (3.79 L) of 1/4" large gravel, ½ gallon (1.89 L) of 1/8" medium gravel, ½ gallon (1.89 L) of 1/16" small gravel, and 10 gallons (37.85 L) of fine filtration sand. After adding the sand, the filter is flushed continuously until clear water leaves the outlet tube. The level of sand is then adjusted so that there is a 2-inch standing water level. Because local sources of sand were determined to contain arsenic (from natural sources), sand was obtained from approximately 2 hours away in El Salvador.
FIGURE 5 STUDENTS AND RESIDENTS DELIVER A FILTER BOX
After filters are flushed, they are disinfected to remove any contamination in the exit tube prior to use. This is done by pouring 5 mL of bleach into a 600 mL bottle and diluting it with water, then funneling the solution into the exit tube. Finally, the filter is flushed by pouring source water into the filter continuously until the water exits clear. After disinfection, the filter is ready to use, though maximum treatment is only achieved after the biological layer is established, which can take up to 30 days of continuous use.
Biosand filters were constructed during implementation trips in January 2011, June 2011, January 2012, and January 2013. A monitoring trip was taken in May 2012. As of January 2013, 54 filters had been installed in La Ceiba by the Rowan University EWB team. The tenth filter is shown in Figure 6 .
A visual assessment was used to observe the condition of the filter. The team monitoring effort has shown that all filters are intact and in use. Some filters formed cracks, which were recorded with photos and on a worksheet. Cracks are discussed later in this paper.
The flow rate was measured and samples of source water and filtered water collected. These were tested for contamination. The team completed water quality testing to test for fecal coliform, E. coli, turbidity, arsenic, nitrate, nitrite, phosphate, pH, total Cl, free Cl, hardness, alkalinity, and turbidity. Hach test strips were used to measure the levels of nitrate, nitrite, phosphate, hardness, alkalinity, pH, total Cl, and free Cl. These parameters were all in acceptable ranges. A small sample of water was placed in a Hach turbidometer to determine turbidity. Water clarity was acceptable for all samples.
The Hach membrane filtration technique was used to determine fecal coliform and E. coli content. Briefly, 5 mL samples of river water and 10 mL samples of filtered water (diluted to 100 mL with bottled water) were passed through a membrane using a suction filtration technique, placed in a petri dish, and incubated for 24 hours. The colonies were counted after the incubation period, and a calculation for percent reduction from the well to the filter completed. Figure 8 shows MEF results for the river water, while Figure 9 shows MEF results for water treated by a biosand filter. As is evident from the Figures, the river water contained a large number of bacteria, which grew into visible colonies during the incubation period, while the biosand filter treated water did not. Figure 10 is used to show results from January 2013 for fecal coliform testing of the 36 previously installed filters. These are the latest data available. The biosand filters ranged from 1 to 2 years old. Filters built and installed during the January 2013 trip were not tested as the biolayer was not yet formed. Results are unavailable for filters 9, 15, 30, and 35 due to issues which arose during water quality field testing. Filter 4 was reinstalled during this trip, due to an ant infestation, so results were unavailable as well. Overall, there was a reduction in fecal coliform between the wells and the biosand filters. Some filters, including 8, 14, and 24, had a slightly higher fecal coliform count in the filter than the well. Since these wells were close to zero cfm, the team attributed these results to contamination in the sample preparation process. Project Setback -Cracking Some batches of filters exhibited characteristic crackinga t-shaped crack on the front panel of the filter, cracks along the top (Figure 11) , and/or hairline cracks at 1/3 and 2/3 down from the top of the filter. These fine cracks did not affect filter operator or result in leakage, but were of concern. Cracking can be attributed to several things. First, it could be the result of the fabrication process. Whether it is too much or too little of a component in the concrete mixture, not enough time in the mold, poor compaction, quality of materials used, improper storage (in sunlight, heat, humidity), transportation, placement of reinforcement and PVC piping, these are factors that the team can only describe to the concrete vendor and ask that he try to alleviate. Second, the cracking could be a result of the filter materials settling over time, with the sand in the inside of the filter constantly exerting forces on the concrete filter box. Finally, the thickness of the concrete walls or size and placement of steel reinforcing could be to blame. 
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FIGURE 11 CRACKS IN TOP OF FILTER 34
The team worked with the concrete vendor to test new prototypes and improve the fabrication process to avoid cracking with future filter boxes. The local concrete vendor constructed and evaluated three prototypes: one with no reinforcement, another with chicken wire, and a third using thinner steel rebar reinforcement. All of the prototypes were deemed to be acceptable. The casting with 4 vertical steel bars located on the corners and 5 horizontal steel bars evenly spaced and skinnier than previous reinforcement worked the best. Eighteen biosand filters based on the third prototype were constructed in January 2013. They are expected to exhibit less cracking; however, time will tell. During that trip, the community pledged to repair cracks themselves. A list of repair steps is given in the Appendix.
Project Setback -US Department of State Travel Warning
The US State Department issued a travel warning for El Salvador in 2013. Rowan University does not let student clubs travel to countries with travel warnings. The club has been in touch with La Ceiba and is working to locate a chapter willing to take on the La Ceiba project, one unaffected by the travel warning.
STUDENT OUTCOMES
Students involved in EWB projects have the unique opportunity to gain a diverse skill set, which makes them a more viable and proficient candidate for potential employers. They learn about project and team management, trip planning, leadership, communication, fundraising, budgeting, and field work. In addition, students working on EWB projects learn about the culture that they are working in and develop a respect for that culture. Students take this cultural sensitivity and social responsibility outside of the confines of this project and act as advocates for impoverished communities. Students are asked to write a one-page reflection one each trip. Below are some excerpts from previous team members.
"Even though our team had many first time travelers, I feel that we worked together efficiently, and finished all of our tasks right on schedule, if not earlier. I believe the greatest strength of our trip was the drive of our installation team to complete at least five installations a day, even if that meant working late into the night. This determination to complete our goals was a major reason why we were able to complete an ambitious schedule early." -John Gribbin, Junior Mechanical Engineering Major "Before we left for our trip to El Salvador, I was pretty excited about the selected team that was traveling. Based on the team meetings before the trip, the team as a whole seemed to get along with each other very well. Some of us are very close friends; others are in the same class and major. As a whole, our team dynamic seemed to operate quite smoothly while we were in La Ceiba. We all got along and were able to complete all the tasks that were expected to be completed before the end of the trip. Along with our team's positive chemistry, I believe we were able to create an even stronger bond with the community of La Ceiba. As an individual team member, I tried my best in all the tasks that were expected of me to complete…I also tried to provide the team with comic relief whenever it was possible to make the labor of each day not seem so tiresome. I would like to think that it did in fact make the team's day easier. Throughout the entire trip, there were many positive aspects that resulted from it. As a team we worked very well together, completing all the team's responsibilities a day earlier than expected. Much of this can be explained by the overwhelming community help that we received in sieving and washing the components needed within each bio-sand filter. Because of this, we were able to spend the last day bonding with the community. We were able to interact with them on a recreational level rather than a business level. Playing with the community kids and interacting with their parents allowed the team to connect with the community on a personal level." -Cody Van Sciver, Junior Chemical Engineering Major "During my time in La Ceiba the community really trusted and confided in me and told me personal and emotional stories they made me feel at home, one women even said to me "you have family in El Salvador." Because of their willingness to trust me so easily I found myself trusting in them as well as sharing my own stories. Experiencing the culture first hand allowed me to communicate with the town, educate them and become friends with them." -Rosa Metz, Junior Spanish Major
CONCLUSIONS
The ultimate goal of the Clean Water for La Ceiba project was to partner with the community to set in place a sustainable solution for providing clean drinking water. By staying with the project long-term, students exercised their social and civic responsibility while applying their engineering knowledge to a real-life problem.
Students at Rowan prepare for EWB projects by learning project skills in Freshman and Sophomore Engineering Clinic. Select EWB members work directly on EWB projects in their Junior and Senior Engineering Clinic. This results in a core of students able to work 6 to 10 hours a week on the EWB project. There is a synergy between rewarding student with course credit for working on EWB projects, and using EWB projects as a valuable context for teaching real world skills. Other students contribute to the EWB projects through student chapter activities.
The EWB students worked with the community to identify biosand filters as a sustainable way to provide safe drinking water. Working with a local concrete vender, the team modified a CAWST biosand filter design to work with the local conditions. The monitory program identified filter box cracking as an issue. Several prototypes were constructed and evaluated in country. One with thinner reinforcements was selected and used in La Ceiba starting in January 2013.
As of January 2013, 54 biosand filters have been constructed and installed in the community. Results indicate that filter recipients are satisfied their filters and able to maintain them. There is a notable self-reported decrease in water-related illness in the community. Water quality testing indicates that the biosand filters are producing water with little or no fecal coliform contamination.
The people of La Ceiba are good-hearted, hardworking people that deserve to enjoy necessities that are easily taken for granted. A US State Department travel ban in 2013 precluded Rowan EWB students from continuing to work with the community. The team remains in communication with the community and is working to find another chapter to help the community build more biosand filters.
Boxes have to be transported from the construction site to each recipient household, but this is no easy task. Some households are miles away, across rivers, up hills, and over rocky terrain. Filter boxes weigh about 200 pounds each. Therefore, transportation is a creative art in itself. In the past, the team has used trucks, wheelbarrows, and their bare hands to accomplish this task.
Once all of the materials are prepared, the filter is then ready to be implemented. A filter needs: 1 gallon (3.79 L) of 1/4" large gravel, ½ gallon (1.89 L) of 1/8" medium gravel, ½ gallon (1.89 L) of 1/16" tiny gravel, and 10 gallons (37.85 L) of fine filtration sand. After adding the sand, the filter must be flushed continuously until clear water leaves the outlet tube. The level of sand must then be adjusted so that there is a 2-inch standing water level.
After the filters are thoroughly flushed, they must then be disinfected to remove any contamination in the exit tube prior to use. This is done by pouring 5 mL of bleach into a 600 mL bottle and diluting it with water, then funneling the solution into the exit tube. Then the filter is flushed by pouring source water into the filter continuously until the water exits clear. After disinfection, the filter is ready to use, though maximum treatment is only achieved after the biological layer is established, which can take up to 30 days of continuous use.
